Although innovation and entrepreneurship have been subjects of researchers' interests for years, nevertheless both the concepts and the relationships between them remain controversial. Since different indices are accepted for the measurement of these categories, the question is whether the relationship between them depends on the choice of measures. The aim of the paper is to indicate the innovation impact on the entrepreneurial process with regard to different measures of these concepts. The research was conducted with the use of regression analyses as a method and yearly data for Polish regions in the period 2003-2018. At the initial stage of the research as many measures of innovation and entrepreneurship as possible were introduced into the estimation of regression function parameters. Statistically insignificant variables were deleted at later stages of research. This research confirms that innovativeness and entrepreneurship are broad concepts and the relationship between them depends on the choice of measures. Saturation with enterprises and saturation with start-ups seem to be more sensitive to innovation than other measures of entrepreneurship. Innovation seen as input, measured by spending on research and development (R&D) has a bigger influence on entrepreneurship than the output innovation measured by revenues from innovative activities. Considering a relatively low level of explanatory power of innovations, it seems they are not the only factor influencing entrepreneurship.
Introduction
Innovation and entrepreneurship have been the subject of interest for researchers and policymakers for many years, but these phenomena are still variously defined and measured, and this leads to a discussion about the relationship between them. This article aims to look at how the adopted measures of innovation and entrepreneurship determine the results of the relationship between them. At the initial stage as many measures of innovation and entrepreneurship were adopted as possible, to eliminate those statistically insignificant at the later stages of research, and ultimately get a complete picture of the phenomenon. The selected spatial and temporal perspective referred to Poland, taking into account the annual data of the Central Statistical Office for Polish voivodeships (administrative units) in the period 2003-2018. Then, using a regression method, those independent variables reflecting innovative activity which turned out to be irrelevant in explaining entrepreneurship as a dependent variable, were removed. The resulting image of relations confirms that innovation is a broad concept, and the adoption of different definitions of innovation and entrepreneurship can lead to varying results in the relationships between them. Saturation with enterprises and saturation with start-ups tend to be more sensitive to innovation than other measures of entrepreneurship. At the same time, innovations in terms of input, measured by spending on research and development (R7D), affect entrepreneurship more strongly than innovations in the revenue system, related to innovative activity, that is the scale of enterprises implementing innovation. At the same time, judging by the relatively low level of volatility in explaining the formation of entrepreneurship, innovation is not the only factor affecting it.
Innovations and the main area of research
The pioneer of research on innovation is Joseph Schumpeter (Polish edition, 1960) , who defined them as new combinations in the economy, being new products, production technologies, new markets, market organisations or sources of supply of raw materials. At the same time, according to Schumpeter's theoretical approach (1960) , innovations are a source of profit, a cause of business cycles and economic growth. In the broad concept of innovation, it is assumed that for companies, these are new or improved solutions to existing ideas or products. In the narrow sense, innovation means new products or solutions on the market (Koellinger, 2008; Lejpras, 2014) . Innovations are also treated as an interactive process that relates to the behaviour of enterprises, as well as planning and implementing changes (Nauwelaers, Wintjes, 2002) .
The innovativeness of enterprises is associated with their involvement in the development of new markets, mainly export ones (North, Smallbone, 2000) , or a stage of company development, with start-ups considered more innovative (Huergo, Jaumandreu, 2004) . Innovation also seems to be affected by its inertia and economy of scale. Innovative enterprises that already have patents are more likely to apply for more licenses than those that do not have them (Lejpras, 2014) . The innovativeness of enterprises is influenced by factors such as concentration in industry, intensity of export and import activities, and the level of economic development of a country (Bhattacharya, Bloch, 2004; Koellinger, 2008) .
Research on innovativeness often explores the relationship between R&D expenditure and innovation, although the results of these studies are not precise. The intensity of R&D activities is measured both by the degree of implementation and expenditure in the company's overall turnover (Lejpras, 2014) . According to some studies, spending on R&D is a factor that positively affects innovation (Acs, Audretsch, 1988; Bhattacharya, Bloch, 2004) . However, the results of other studies indicate a lack of a connection with product or market innovations, and its negative impact on the innovation process (Simonen, McCann, 2008) . Research and development activities allow the development of assets specific only to a given company, thanks to which competitors cannot imitate these resources and enable the company to gain a competitive advantage (Esteve-Pérez, Mañez-Castillejo, 2008) .
The links between innovation and entrepreneurship result from the fact that the introduction of new products or processes can take place in two ways, either through implementations made by start-ups or by developing the scope of activity of companies stabilised on the market (Auerswald, 2008) . Both solutions have their pros and cons, but it seems essential that the innovation activity of existing companies is in competition with the innovation activity of new enterprises. The innovativeness of existing companies is a factor which may lead to difficulties in imitating them, and as a consequence lead to fewer start-ups being developed (Luttmer, 2007) .
Innovation is indicated as one of the main theoretical currents in defining entrepreneurship, along with equating it with a tendency to take risks and using business opportunities. Explaining the essence of entrepreneurship through the prism of innovation takes place in several contexts, such as the implementation of new solutions in the entrepreneurial process related to the establishment of new business entities, as a strategic dimension in the entrepreneurial orientation of enterprises, or as a feature of enterprises and entrepreneurs (Gaweł, 2013 (Gaweł, , 2019 .
Entrepreneurship -creation and development of start-ups
In the narrow sense adopted in the article, the essence of entrepreneurship is identified with the creation and development of start-ups, because all dimensions of entrepreneurial competencies are involved in this process. Research indicates, however, that many factors of a different nature affect the rates of enterprise creation, survival and collapse, including the innovativeness of both the enterprise itself and the innovation of its environment. It is worth noting, however, that the literature on the subject indicates different results of research on the impact of factors on the creation and survival of a company (Yang, Bossink, Peverelli, 2017) .
Creating and developing a new company is an interaction between the enterprise and its environment. As a result, the factors shaping the entrepreneurial process can be divided into internal ones, related to the entrepreneur and the structure of the created entity, and into external factors associated with the economic, social or cultural environment. Internal factors describing an entrepreneur include such features as the need for achievement, internal control placement, initiative, proactivity and the need for self-fulfillment (Korunka, Frank, Lueger, 2003) , attitude towards risk (Caliendo, Fosse, Kritikos, 2009 ), level of education (Naudé et al., 2008) or previous entrepreneurial experience (Capelleras, Greene, 2008) . For the survival of a newly created company, in addition to the personal characteristics of the entrepreneur, internal resources are also significant. The literature indicates the level of employee qualifications, internal financial capital and R&D (Yang, Bossink, Peverelli, 2017) .
The second group of factors affecting the rate of creation of start-ups is related to its environment. They include market profit rates, the economic size of the region, its economic characteristics and growth rate, the use of external support, population density, the rate of creation of start-ups in the area, imperfections in financial markets related to liquidity barriers and moral hazard, and the type of industrial regime (Audretsch, Fritsch, 2002; Capelleras, Greene, 2008; Naudé et al. 2008; Paulson, Townsend, Karaivanou, 2006; Wagner, Sternberg, 2004) . Access to human capital in the region is also essential, including the level of employee qualifications or the level of their education (Armington, Acs, 2002) .
The subject of entrepreneurship research is also the issue of the failure or survival of a start-up on the market. The risk of failure changes over time. It increases after starting a business and reaches its maximum after a year or two, and then decreases (Strotmann, 2007) . The probability of failure is influenced by factors related to the entrepreneur's personality, company structure and environment (Box, 2008) . The first includes their education and previous professional experience (Mengistae, 2006) , as well as the entrepreneur's private financial assets that eliminate the problem of liquidity barriers (Schäfer, Talavera, 2009 ) and assets acquired through research and development (Esteve-Pérez, Mañez-Castillejo, 2008) . On the other hand, factors affecting the risk of the failure related to the environment include operating in industries with higher minimum efficiency, characterised by lower demand (Strotmann, 2007) , and the activity in sectors with higher competitive pressure (Mengistae, 2006) .
Innovation is one of the factors that influence the process of creating and developing a start-up, both at the individual and environmental levels. Innovation is treated as one of the entrepreneur's personality traits while traits such as university education, previous R&D experience and strong motivation to implement new ideas significantly increases the likelihood that a new company will undertake innovative activity, especially in R&D (Arvanitis, Stucki, 2012; Honjo, Kato, Okamuro, 2014) . This impact seems to be positive and long-term, while the impact of the financial capital of the newly formed company on R&D expenditure is mainly of a short-term nature (Wang, 2014) .
The innovativeness of new enterprises in a given region seems to depend on the regional environment in such aspects as the availability of essential resources, including venture capital funds and qualified staff, or a regional knowledge base, including the innovative activity of companies operating in the region or universities and research institutes in the area. However, such an environment does not necessarily lead to a higher likelihood of survival of a start-up (Fritsch, Schroeter, 2011) .
The concept of technological regimes explains the diverse impact of the environment on innovativeness. It assumes the existence of two types of regime: entrepreneurial and routine. In the entrepreneurial regime, a relatively large number of new enterprises emerges that introduce innovations to the market. This regime shows creative destruction, under which new innovative enterprises enter the market and displace stable companies. In such a regime, the market is more open to innovations introduced by start-ups. In the routine regime, on the other hand, the rate of creation of new companies is relatively low, with a creative accumulation, i.e. a relatively stable number of enterprises. In this case, innovations are introduced to the market to a greater extent by stabilised enterprises (Audretsch, Fritsch, 2002; Lin, Huang, 2008; Peneder, 2008) .
A specific situation related to the location of R&D activities is the impact of the location of universities and research institutes as entities involved in R&D. Research results indicate that the level of R&D activity, and the geographical proximity of universities and research institutes increase the likelihood of start-ups entering the market, especially in technology industries, although they do not seem to affect the survival of companies (de Silva, McComb, 2012) .
However, a more in-depth look into the problem of a region's innovation impact indicates that it may not be entirely clear-cut. Innovations in the region, measured by patent activity in metropolitan areas, negatively affect the survival of newly established companies starting their business with 1-3 employees. This impact decreases as the size of the company increases, including for start-ups with four employees it is irrelevant, and with a larger number of employees, the region's innovativeness increases the chances of survival (Tsvetkova, Thill, Strumsky, 2014) .
Research assumptions of the relationship between innovation and entrepreneurship The multi-faceted concepts of innovation and entrepreneurship result in the adoption of various measures of operationalisation. This raises questions to what extent measures of innovation and entrepreneurship affect the results of research on the relationships between them; and how the impact of innovation on entrepreneurship is shaped depending on the measures adopted. The presented research results are an attempt to answer the above questions. Hence, the broadest possible number of available indicators operationalising both phenomena was considered. Using such regression function parameters as a research method, initially measures of both entrepreneurship as a dependent variable and innovation as an independent variable were successively inserted into the general form of the function. Then, independent variables that were statistically insignificant were removed.
With the broadest possible understanding of the concept of entrepreneurship and the largest number of its measures, the following five have been accepted:
 rate of establishing new enterprises (ST) -the share of the number of start-ups in the total number of enterprises,  enterprise liquidation rate (SU) -the share of the number of liquidated enterprises in the total number of enterprises,  net enterprise rate (SN) -the difference between the rate of creation of start-ups and the rate of liquidation of enterprises,  enterprise saturation (NPRZ) -number of enterprises per 1000 inhabitants,  saturation with newly created enterprises (NSU) -the number of start-ups per 1000 inhabitants.
The relationships between the above measures can be represented by Figure 1 . Even greater complexity is found when defining and measuring innovation. Initially, the largest available number of innovation measures were adopted. They can be divided into output and input measures, which either perceive innovation through the prism of obtained results or expenditures. The resulting approach is related to two aspects: the sale of innovative products and the number of innovative enterprises, additionally adjusted by size. The input approach indicates expenditures on R&D and innovation in relation to other input. Details on innovation measures adopted at the initial stage of the study are summarised in Table 1. After accepting the broadest possible spectrum of measures of entrepreneurship and innovation, the following research procedure was adopted. To linearise nonlinear relationships, all initial data were converted to natural logarithms. In the first step, the parameters of the regression function between successive measures of entrepreneurship as dependent variables and measures of innovation from each of the groups as independent variables were estimated, which gave a total of 20 primary functions (see Table 2 ).
Then, the independent variables that were statistically insignificant based on the value of the significance coefficient p were successively removed from each function. The significance coefficient p determines the probability that results obtained from the dependence estimation is a coincidence: the lower its value, the more correct the estimated dependencies. The study adopted a threshold at a significance level of 0.1, which means accepting a 10% probability of randomness of the results obtained. A p-value above 0.1 is interpreted as an indication that the function parameter is not statistically significant. The initially estimated function parameters are presented in Table 2 .
After removing independent variables following the above assumptions, 19 forms of regression functions were obtained in which the parameters were statistically significant (see Table 3 ). Then, the R2 coefficient values were compared to identify the strongest relations. The regression functions which explained less than 10% of the variability of the dependent variable, i.e. towards which the R2 coefficient was lower than (0.10), were eliminated. Ultimately, this allowed 11 regression functions to be accepted as a basis for inferring a relationship between innovation and entrepreneurship. 
Research results
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Data contained in Table 3 indicate that, in general, R2 coefficients are not too high; the highest value for one function is (0.6367). At the same time, a total of 9 regression functions were withdrawn from further inference due to the insufficient level of explanation of the studied phenomenon (removed functions are 1, 2, 3, 6, 7, 8, 12, 17, 18) . As the results indicate, the rate of failure of enterprises is not explained by the measures of innovation in any of the adopted cases.
The two measures of entrepreneurship that respond most strongly to innovation activity, both from the input and output sides, include saturation with enterprises and saturation with start-ups. This can be concluded based on the number of statistically significant regression functions as well as on a comparison of function determination coefficients. Out of 11 regression functions finally accepted for inference, 8 explained the variability of saturation measures: 4 saturation with enterprises (functions 4, 9, 14, 19) and 4 with newly established companies (functions 5, 10, 15, 20) . At the same time, from the four dimensions of innovation adopted, each proved to explain these measures of entrepreneurship.
The other two measures of entrepreneurship are less explained by innovation activity. The rate of creation of start-ups can be explained by two approaches to innovative activity, i.e. by an input measure and one of the output measures (functions 11, 16) . In contrast, the net enterprise rate is explained only by one regression function estimated using one of the outcome measures (function 13).
The obtained results were analysed from the perspective of innovation measures. It turned out that the broadest spectrum of impact on entrepreneurship is the output innovation seen as the share of innovative enterprises in the total number of business entities. This measure was statistically significant in explaining the largest number of dependent variables, as it explained 4 out of 5 adopted entrepreneurship indicators, i.e. saturation with enterprises, saturation with newly established companies, the rate of creation of new companies and the net rate (functions 11, 13, 14, 15) .
However, looking at the values of the coefficients of determination, the input expenditure measure of innovation best explains the phenomena related to entrepreneurship (especially functions 19, 20) .
The next stage of the analysis is to compare the values of the parameters of the regression function from the point of view of their relative and absolute value to determine the direction and strength of interactions. Considering the first group of regression functions, in which the output measures of innovation in the form of the share of revenues from sales of innovations (functions 4, 5) were independent variables, the largest absolute values were at the parameters presenting the share of net sales from innovations in total revenues (USPI) and the share of net sales from market innovations in total revenues (USPIR). The most substantial impact of these measures was on both saturation with enterprises and saturation with start-ups. At the same time, judging by the relative value, USPI has a directly proportional effect, and USPIR inversely proportional to both dependent variables.
It can, therefore, be assumed that, when looking at the sales of innovative products in total, the higher the share of revenues from their sales, the higher the saturation of a given region with enterprises in total and in new companies. As a general conglomerate, the sale of innovative products in total attracts new companies to the region and allows for the maintenance of existing enterprises. Thus it can be a factor attracting entrepreneurship. However, at a higher level of detail, it turns out that the greater the share of sales of innovative products for markets, the lower the saturation with total and newly created enterprises. It can, therefore, be assumed that if innovations are new at the level of the entire market, then their sale may constitute a barrier to entry for new companies or exert competitive pressure for existing companies.
When looking at the share of sales of innovative products dependant on the size of enterprises entering this market, further relationships can be observed (functions 9, 10). The share of sales of innovative products in small, medium and large enterprises only affected saturation with existing and new companies. When analysing the absolute values of the parameters with these regression functions, it can be seen that they are significantly lower than in the case of the previously analysed functions 4 and 5. Innovation measures related to medium-sized enterprises show the highest parameter values. Saturation with enterprises is most strongly affected by innovation measured by the share of sales of innovative products for the enterprise by medium-sized companies (USPIPS), while saturation with start-ups is most strongly influenced by the share of sales of innovative products in medium-sized enterprises (USPIS). The impact of both variables is negative, which may indicate the innovative activity of medium-sized enterprises, and this is a barrier to new companies entering the market while creating competitive pressure for stable companies. However, the low absolute value of the parameters with the regression function indicates that the independent variables are not very strongly affected by dependent variables.
Thirdly, the impact of the number of innovative enterprises, and the share of innovative enterprises on the market was examined. This aspect turned out to be the most important from the number of regression functions accepted for inference; four were accepted (functions 11, 13, 14, 15) . The most important variable explaining the measures of entrepreneurship is the share of innovative enterprises in the total number of enterprises (UI) because the parameters of this variable had the highest absolute value, especially concerning the rates of creation of new enterprises and net rates. This parameter has negative values, which means that the higher the share of innovative enterprises, the lower the creation and net enterprise rates. It can, therefore, be assumed that the existence of innovative enterprises is a barrier to entry for new companies. Besides, the rate of creation of new enterprises is relatively strongly and positively influenced by the share of innovative enterprises in the industry (PIP) and in the services sector (PIU). On the other hand, the net rate is strongly influenced by the share of service enterprises introducing new or significantly improved processes (PIUNPROC).
The impact of this aspect of innovation on saturation with enterprises and start-ups is lower than in relation to the rates. Also, in the case of these measures, the share of innovative enterprises in the total number (UI) turned out to be significant. Besides, saturation with enterprises is explained by the participation of industrial enterprises introducing new or significantly improved products (PIPNP), and saturation with new enterprises by the participation of innovative enterprises in the services sector (PIU).
The last aspect of innovation analysed is the input aspect related to expenditure on innovation. From the perspective of the R2 coefficient of determination, this aspect seems to have the strongest impact on entrepreneurial activity, especially concerning saturation with enterprises and newly created companies. Among entrepreneurship rates, this aspect of innovation only affects the rate at which new businesses are created.
Expenditures on innovation activities in relation to gross fixed capital formation (NST) is the variable most strongly affecting the rate of creation of new enterprises. Saturation with enterprises is comparable to the share of expenditure on R&D activity in GDP (NBR) and expenditure on R&D activity per professionally active person (NPRAC). NPRAC is also the factor with the strongest and most positive impact on saturation with start-ups.
Expenditure on innovation activities in national expenditure (NWN) may affect the rate of creation and saturation with new companies, but this impact is so low that it can be ignored in further considerations.
Final remarks
The study of the relationship between innovation and entrepreneurship encounters the problem of measuring both phenomena. Both are broad concepts; hence depending on the degree of detail of their measures, different, ambiguous pictures can be obtained. The article has aimed to determine the impact of innovation on the entrepreneurial process depending on the measures adopted. At the initial stage as many innovation and entrepreneurship measures as possible were adopted, in order to eliminate statistically insignificant relationships in subsequent research stages and obtain a complete picture. The survey covered Polish voivodeships on an annual basis in the years 2003-2018.
The results obtained allow for some observations. First of all, it has been confirmed that due to the breadth of understanding and the measurement of innovation and entrepreneurship, the results of the dependency studies depend on the measures adopted and different results can be obtained. Besides, saturation with enterprises and saturation with newly created companies seem to be more sensitive to innovation than other measures of entrepreneurship. At the same time in terms of input, measured by expenditure on R&D, there is a stronger impact on entrepreneurship than innovations in the output system, related to revenues from innovative activities, i.e. the scale of enterprises implementing innovations. Generally, however, the impact of innovation on entrepreneurship, regardless of its measures, is not strong and does not affect certain aspects at all. It confirms the belief among researchers of the complexity of both phenomena.
